The degradation of the wall in large cardiovascular vessels, such as the aorta artery, induces weakness in the vessel that can lead to the formation of aneurysms and the rupture of the vessel. Characterization of the wall integrity is assessed by OCT for future intraoperative assistance in aneurysm graft surgery interventions. Optical Coherence Tomography (OCT) provides cross sectional images of the wall of the aortic media layer. Wall degradations appear as spatial anomalies in the reflectivity profile through the wall thickness. Wall degradation assessment is proposed by automatic identification and dimensioning of these anomalies within the homogeneous surrounding tissue.
INTRODUCTION
Surgical repair of ascending thoracic aneurysms usually involves the substitution of the diseased portion of the aorta by a fabric tube, or graft, that it is sewn onto both cut ends to replace the portion that is removed. This is performed while a heart-lung machine is connected to the patient to maintain circulation and preventing that no blood flow is present in the aorta [1] . The thoracic aortic graft has to be sewn to aortic tissue adjacent to the aneurysmal one. Graft replacement success correlates with the healthy status of the tissue where the graft is sewn to prevent further complicated medical prognosis related with pseudo-aneurysm formation. Moreover, excising more healthy tissue than needed could become complicated when approaching aortic sections such us the aortic arc.
The aorta is an artery structured in three different layers: intima, media and adventitia starting from the vessel lumen [2] . In large arteries, such as the aorta, the first and third layers are formed mostly from connective tissue (epithelium, and collagen). The media layer provides strength and elasticity, and it is mainly composed by smooth muscle cells (SMC) and elastin. The degradation of SMCs in the media layer produces holes filled by acidic polysaccharides, leading to structural disorders that induce a weakening of the artery and its functions [2] . SMCs degradation ultimately induces the dilation of the artery, what is called an aneurysm. This dilated and weakened artery has higher probability of fissure producing a deadly internal hemorrhage.
Optical Coherence Tomography (OCT) can be applied to visualize tissue within depth of few millimeters, enabling to see a region of the media layer [3] . SMCs and acidic polysaccharides produce different backscattering intensity profiles when imaged with OCT. This can be observed as low reflectivity areas where acidic polysaccharides become located, in contrast with regions of SMCs. Hence, the wall anomaly can be seen as holes in the OCT image.
This work proposes an analysis method focused on detecting these areas of low reflectivity in the OCT image. The amount and extension of anomalies seems to be linearly related to the arterial wall structural wellness. This hypothesis has been contrasted against a semi-quantitative pathological score of the aortic wall condition [4] . Under this situation, aortic samples can be classified into different risk categories according to their artery real degradation. This information is of great help for cardiovascular surgeons when performing graft repair of an aneurysm. 
MATERIALS & METHODS

Aortic samples
The sample set consists of 15 tissue samples coming from human ex-vivo aorta. Samples come from Ascending Thoracic Aorta Aneurysm intervention (12 samples) and from donors for heart transplantations (3 samples). Specimens are classified according to a semi-quantitative grading scheme [4] . This scheme is assessed by expert pathologists that grade stained samples according to different criteria (fibrosis, medionecrosis, cystic medial change, SMC orientation and elastic fiber fragmentation), computing a global histological score for each sample, from 0 (no degradation) to 12 (high degradation).
Samples are later grouped into three different categories according to their histological score. Category 1, scores 0 to 3, showing low or no degradation. Category 2, scores 4 to 8, showing medium degradation. Category 3, scores 9 to 12, with severe degradation (Fig.1) . Category 1 would be ideal for graft placement, while category 3 should be avoided as the structural consistence would be really poor. Furthermore, tissue classified as category 3 should be excised to avoid later medical complications. For this reason, the key point should be the accurate diagnosis of tissue of category 3. 
Optical set-up
The OCT system used is a benchtop Thorlabs OCS1300SS, based on a swept source with a center wavelength of 1325 nm. It provides a resolution in air of 12 μm axial and 25 μm transverse, giving a maximum penetration in air conditions of 3 and 10 mm width. The sampling resolution is 512 × 1024 pixels and 8 bits for intensity levels digitalization.
Samples are conserved in buffer saline buffer until OCT measurements are performed. Several regions of interest (ROI) are measured on each tissue sample because degradation is not spatially homogeneous along the vessel wall. The total number of ROIs in the dataset is 120. OCT images are taken from the intima layer, focusing the OCT probe on the surface of the sample [3] . After OCT characterization, histological analysis is applied by the pathologists and the samples are graded according the semi-quantitative procedure [4] .
OCT signal processing
OCT image processing is aimed at highlighting the areas filled with acidic polysaccharides, seen through OCT as low intensity reflectivity areas. To this aim, the following procedure has been applied:
1. The region of tissue is delimited from the region of air above it, applying the Otsu algorithm for thresholding [5] .
2.
A wavelet based algorithm [6] [7] is used to clean the noise in the image. This algorithm is based on the use of non-orthogonal, complex valued, log-Gabor wavelets that preserve phase information.
3. Aortic wall tissue is automatically segmented to focus the analysis on the media layer. The region of interest is comprehended between 85µm (20 pixels) below surface (intima layer) and 650µm (150 pixels) in depth (limited by the system response [3] ). Each tissue section has a number of connected areas, each of them of a specific dimension.
6. The skewness of the distribution of areas size is computed for every image. Each sample is assigned to a category according to this statistical parameter over all their ROIs. As it was mentioned before, degradation is not necessarily seen on every ROI and a joint decision needs to be implemented.
RESULTS AND DISCUSSION
The proposed procedure evidences the presence of areas of high intensity levels, which has its origin in the reflectivity differences among homogeneous tissue and the degradation of the wall produced in pathological samples. After segmentation of the images and noise reduction, diagnosis can be simplified to a computation of the areas of the anomalies detected in the image (Fig. 2) . In low degraded samples, anomalies have small dimension whilst in the cases of high degradation, areas tend to be larger. There are also a significant number of small anomalies, corresponding to regions not so degraded, that leave a medium anomaly area very low, both in degraded and not degraded samples. In the case of severely degraded tissues, large areas deviate the median area of anomalies towards higher values. For this reason, the criterion for classification has been the skewness parameter of the dimension of the detected anomalies (Fig. 3) . Furthermore, if the dimension of degraded areas is large, the sample will be highly degraded, but if the ROI is taken on a section of low degradation, the diagnosis could fail. For that reason, the diagnosis takes place using every ROI belonging to each sample. According with results in Fig. 3 , different thresholds can be applied to separate samples from the different categories.
The most important category to be detected is cat#3, as this tissue is weak and should be excised. With the proposed method, cat#3 samples are detected in every occasion (Fig.4) . The same happens with cat#1 which tissue would be optimal for graft placement. 
CONCLUSION
An automatic method for degradation diagnosis of the aortic wall has been proposed. The method consists on identifying degraded areas in OCT images obtained from ex-vivo tissue samples of ascending thoracic aortas from aneurysms and donors. The final performance of the method accurately detects the most degraded tissues from a pathological point of view. This technique can help in the case of surgical aneurysm interventions.
